The novel calpain inhibitor A-705253 prevents stress-induced tau hyperphosphorylation in vitro and in vivo.
Calcium-mediated pathologic activation of the cysteine protease calpain has been linked to neurodegenerative disorders such as Alzheimer's disease (AD) through the cleavage of proteolytic substrates that negatively affect neuronal function. Hyperphosphorylation of the microtubule-associated protein tau and the subsequent aggregation of tau filaments resulting in the intracellular formation of neurofibrillary tangles are recognized as key etiological factors in AD pathology. Cyclin-dependent kinase 5 (Cdk5), a major kinase responsible for tau hyperphosphorylation in the AD brain, becomes hyperactivated through calpain-mediated cleavage-conversion of the Cdk5 regulatory protein p35 to p25. In the present study, we examined the effects of the novel small-molecule calpain inhibitor A-705253 in acute models of tau hyperphosphorylation in vitro and in vivo. In hippocampal slices in vitro, lowering medium temperature to 33 °C increased tau phosphorylation in which incubation with A-705253 blocked low temperature-induced tau phosphorylation as measured by Western blot analysis. Pentobarbital-induced hypothermia or acute systemic LPS treatment in normal mice increased tau phosphorylation in hippocampal CA3 mossy fibers, as measured by immunohistochemistry, whereas acute A-705253 pretreatment prevented the stress-induced tau hyperphosphorylation in both models. In support of a Cdk5-mediated mechanism, A-705253 administered for two weeks in the drinking water of six month-old prepathogenic 3x Tg-AD mice resulted in decreased expression of the calpain proteolytic p25 fragment. Taken together, results of these studies suggest that calpain inhibition has potential utility in reducing tau hyperphosphorylation and may represent a novel disease-modifying approach in the treatment of AD.